Over the past years, many scientific research studies have been focused on thermo-sensitive hydrogels containing N-isopropylacrylamide (NIPAM) as a monomer. The NIPAM based hydrogels with 20 mol% 2-hydroxypropyl methacrylate (HPMet) were synthesized using ethylene glycol dimethacrylate as a cross-linker. The characterization of xerogel and phenacetin using Fourier transform infrared (FTIR) spectroscopy and Scanning electron microscopy (SEM)confirm the performed synthesis with satisfactory purity as well as loading of phenacetin into hydrogel. The swelling transport mechanism at simulated physiological conditions (pH 2.20 and 7.40 at 37 °C) is described by the time-independent kinetics. The potential application of synthesized hydrogels for the controlled release of phenacetin as a model drug was investigated at simulated physiological conditions by HPLC method. Hydrogels are cross-linked three-dimensional polymer networks, which may absorb a significant amount of water and swell several thousand times more than a dry gel mass. They are soft, wet and pliable materials, compatible with most living tissues and with a wide range of potential biomedical applications. They swell in water but do not dissolve in it [1, 2] . A special class of hydrogels, which are called "intelligent" or "stimuli-responsive", exhibits a significant volume transition in response to small changes in the environmental conditions like temperature, pH, ultrasound, electric field, magnetic field, light, pressure, glucose, etc. Their ability to swell and deswell according to environmental conditions makes them interesting for use as drug delivery systems [3] [4] [5] [6] [7] . During the last 30 years hydrogels have become very interesting drug carriers for a controlled delivery due to their biocompatibility and resemblance to biological tissues [4, [8] [9] [10] [11] [12] .
Hydrogels are cross-linked three-dimensional polymer networks, which may absorb a significant amount of water and swell several thousand times more than a dry gel mass. They are soft, wet and pliable materials, compatible with most living tissues and with a wide range of potential biomedical applications. They swell in water but do not dissolve in it [1, 2] . A special class of hydrogels, which are called "intelligent" or "stimuli-responsive", exhibits a significant volume transition in response to small changes in the environmental conditions like temperature, pH, ultrasound, electric field, magnetic field, light, pressure, glucose, etc. Their ability to swell and deswell according to environmental conditions makes them interesting for use as drug delivery systems [3] [4] [5] [6] [7] . During the last 30 years hydrogels have become very interesting drug carriers for a controlled delivery due to their biocompatibility and resemblance to biological tissues [4, [8] [9] [10] [11] [12] .
Thermo-sensitive hydrogels exhibit volume phase transitions at critical temperatures, i.e., lower critical solution temperatures (LCST) or upper critical solution temperatures (UCST). LCST polymers exhibit a swellingto-shrinking transition with increasing the temperature (negative thermo-sensitive hydrogels), while the UCST polymers undergo the opposite transitions (positive thermo-sensitive hydrogels) [13] [14] [15] . Poly(N-isopropylacrylamide), p(NIPAM), is one of the most widely used thermo-sensitive polymers. It has a hydrophilic amide group and a hydrophobic isopropyl group. p(NIPAM) has LCST of around 32 °C [2, 14] . Hydrophilic 2-hydroxypropyl methacrylate (HPMet) has excellent biocompatibility with living tissues and good tolerance by the cells. HPMet is widely used in immunocytochemical processes [16] , as well as in the production of contact lenses [17] . Some investigations are based on its properties as a drug carrier or in separation processes [18] [19] [20] [21] [22] .
Non-steroidal anti-inflammatory drugs (NSAID) are drugs with analgesic (but non-narcotics), antipyretic and anti-inflammatory effects. Phenacetin, N-(4-etoxyphenyl)-acetamide, was selected from the group of NSAID as a model drug in the study of hydrogel poly(N--isopropylacrylamide-co-2-hydroxypropyl methacrylate), p(NIPAM-co-HPMet) being potential carriers for the controlled delivery [21, 22] . Phenacetin was chosen as one part of the wider investigation of the selected nonsteroidal anti-inflammatory drugs: paracetamol, which is a precursor of phenacetin, then ibuprofen, naproxen, and piroxicam. Recent studies show the results of a series of formulations of phenacetin with interpolymer carboxyvinylpolymer complexes with poly(ethylene oxide) [23] [24] [25] , carbopol [26] or methylcellulose [27] , as well as the comparative determination of a particle size of phenacetin bulk powder [28] .
The aims of this study are the synthesis of thermosensitive p(NIPAM-co-HPMet) hydrogels by free radical copolymerization, the synthesis of phenacetin, their characterization by using Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and swelling behavior and the investigation of the potential applications of obtained hydrogels for a controlled release of phenacetin as a model drug. 
EXPERIMENTAL

Synthesis of p(NIPAM-co-HPMet)
p(NIPAM-co-HPMet) were synthesized by radical polymerization of NIPAM with 20 mol% of HPMet in acetone (as solvent) by using the initiator (AZDN) and a varied concentration of cross-linker (1, 1.5, 2 and 3 mol% EGDM) under the temperature regime: 0.5 h at 70 °C, 2 h at 80 °C, 0.5 h at 85 °C. The temperature range from 70 to 85 °C was chosen to activate the initiator and the polymerization process as well because of the full utilization of the initiator at the temperature increase. P(NIPAM), with 2 mol% of EGDM as a crosslinker was synthesized under the same conditions. The obtained gels were extracted by methanol in order to remove all non-reacted water insoluble compounds, monomers and oligomers. Swollen gels were dried to constant mass at 40 °C.
Synthesis of phenacetin
The procedure of phenacetin synthesis is performed in two steps (Figure 1 ). At the first stage of the reaction between p-aminophenol and anydrous acetic, p-acetaminopheol is obtained. In the second step, the conversion of acetaminopheol (as the type of the Williamson ether synthesis) using sodium ethanoate in the mixture of p-ethyl iodide and hydroxyacetamide is carried out to N-4-etoxyphenyl acetamide. The raw product was recrystallized from ethanol with the addition of active carbon. The obtained phenacetin was filtered and dried in air.
Characterization methods
Fourier transform infrared spectroscopy (FTIR)
The samples were recorded with KBr technique on a BOMEM MB-100 (Hartmann & Braun, Canada) at wavelengths of 4000-400 cm -1 .
Scanning electron microscopy (SEM)
The morphology of lyophilized hydrogels and samples with loaded phenacetin was investigated on a JEOL Scanning Microscope JSM-5300. The samples were first coated by gold/palladium alloy (15/85).
Swelling behavior
The swelling behavior of xerogels were carried out in distilled water (at 20 and 40 °C) and in simulated physiological conditions (pH 2.20 and 7.40 at 37 °C) and monitored gravimetrically. The swelling ratio, α, was calculated according to the equation:
where m 0 is the mass of xerogel, and m is the mass of swollen gel at time t.
Loading of phenacetin
Xerogel of p(NIPAM-co-HPMet) was swelled in the phenacetin solution, 40 mg/cm 3 , in a 80/20% methanol/distilled water mixture for 48 h.
The released phenacetin
The swollen gel of p(NIPAM-co-HPMet) was soaked with 7 cm 3 of solutions at simulated physiological conditions (pH 2.20 and 7.40) and the amount of released phenacetin was monitored by high-pressure liquid chromatography (HPLC) for 24 h at a temperature of 37 °C. The analysis was performed by HPLC on an Agilent 1100 Series device under the following conditions: detector DAD 1200, detection wavelength 205 nm, column ZORBAX XDB-C18, 250 mm×4.6 mm, 5 μm, eluent methanol, eluent flow 1 ml/min, sample injection volume 20 μl, column temperature 25 °C.
RESULTS AND DISCUSSION
FTIR Analysis
In the FTIR spectrum of NIPAM monomer the following bands were observed: valence vibrations of C=C double bond at 1622 cm - In the FTIR spectrum of p(NIPAM-co-HPMet) xerogel with 20 mol% of HPMet, there appears to be no absorption bands that could originate from the double C=C bond, which indicates that the synthesis is performed by the initiation of radicals (Figure 2 The FTIR spectrum of xerogels with loaded phenacetin indicates that phenacetin was successfully inserted into the hydrogels cavity by forming intermolecular noncovalent bonds. The following bands that originated from xerogel were observed: valence vibrations of the double C=O bond from ester at 1719 cm -1 and of the double C=O bond from amide at 1660 cm -1 , which were moved for 9 and 8 units to the lower frequency side, respectively. Valence vibrations of OH group were observed at 3441 cm -1 , which was moved for 4 units to a higher frequency side. The following bands that originated from phenacetin were observed: valence vibrations of NH and C=O bond of secondary amide at 3286 and 1660 cm -1 which were moved for 1 and 2 units to a higher frequency side. Shifts of these bonds may indicate the interaction of the drug loaded into the hydrogel. Considering the fact that those shifts are very small, the interaction between hydrogel and phenacetin are of a noncovalent type.
SEM Analysis
SEM micrographs of swollen and then lyophilized samples of p(NIPAM-co-HPMet) hydrogel with 0.5 mol% EGDM for a) pure hydrogel and b) with loaded phenacetin are presented in Figure 3 .
The hydrogel morphology has a porous surface. The observed structure of hydrogel was changed after the treatment of the phenacetin solution and its loading into the hydrogel structure.
Swelling behavior of p(NIPAM-co-HPMet) hydrogels
Swelling behavior for a series of hydrogels at 20 and 40 °C depending on the time and EGDM content is demonstrated in the authors' previous studies [22] . It was found that the swelling ratio for p(NIPAM-co--HPMet) hydrogels with 20 mol% HPMet increases extensively during the first 6 h. Along with the increase of the cross-linker content, the swelling ratio decreases. The reason is the formation of a denser network due to large amounts of the cross-linker. Polymer chains are more fixed and less able to absorb water. In contrast, when a small quantity of cross-linker is present, the length of the polymer chains between two knots is larger, the network is able to expand and absorb a greater amount of water. By adjusting the amount of cross-linkers used in the gels, the synthesis can affect the water absorption ability, and hence the swelling ratio can be controlled.
In order to study the water transport mechanism from p(NIPAM-co-HPMet) hydrogels with different cross-linker contents, Fick's Equation was applied to fit the experimental data [5] :
where M t /M e is the fractional sorption, M t is the amount of the water absorbed at time t, M e is the maximum amount of the absorbed water; k is a constant incorporating characteristic of the polymer network system, n is the diffusion exponent. The exponents n and k are values determined from the slope and intercept of the plots of ln M t /M e versus ln t for p(NIPAM--co-HPMet) hydrogels at different EGDM contents. If n is less than 0.5, the swelling process is controlled by the Fickian diffusion mechanism. If n varies between 0.5 and 1, the diffusion and polymer relaxation control the swelling process and indicates an anomalous diffusion mechanism, which is known as non-Fickian diffusion. The values of n greater than 1 are described as type III (Case III) or Super Case II. Figure 4 shows the dependence of n versus EGDM cross-linker content, according to p(NIPAM-co-HPMet) hydrogels swelling at 20 and 40 °C. It is clear from the analysis that with the increase of the EGDM content in the hydrogel structure, the diffusion release kinetic exponent n decreases from 0.80 to 0.53 at 20 °C. This proves that the swelling transport mechanism is the non-Fickian type diffusion, and the swelling process is controlled by water diffusion and relaxation of polymer chains. Also, in the samples with 1 mol% of EGDM (n is 0.80) the relaxation of polymer chains in relation to diffusion of water dominates, because it is closer to Case II, when n is equal to 1. A similar result is obtained for p(NIPAM-co-HPMet) hydrogel with a similar molar ratio of HPMet monomer (21 mol%) produced by the gamma irradiation method of Nizam El-Din [20] , where the achieved diffusion exponent is 0.56. The diffusion release kinetic exponent n decreases from 1.27 to 1.16 at 40 °C. This proves that the swelling transport mechanism is described as Case III or Zero-order, time-independent kinetics characterized by a linear mass uptake with time [6] . Thermo-sensitivity of the obtained p(NIPAM-co--HPMet) gels was also confirmed by examining the swelling at the temperature of 40 °C so that the increase in temperature decreases the swelling ratio, which was expected by the presence of phase transitions. The dependence of the equilibrium-swelling ratio, for p(NIPAM-co-HPMet) hydrogels with 0.5, 1, 1.5, 2 and 3 mol% of EGDM at 20 and 40 °C is shown in Figure 5 . Hydrogels with a higher cross-linking ratio swell less (1 g of gel with 3 mol% EGDM can absorb nearly 2 g of water at 40 °C) compared to the hydrogels with a minor cross-linking ratio (1 g of gel with 0.5 mol% EGDM can absorb nearly 38 g of water at 20 °C). While the temperature increases, the contraction of the network occurs and there is an active squezzing, along with the free diffusion of water molecules, due to the swollen hydrogel collapse. After copolymerization of NIPAM with comonomer HPMet, the LCST changed from 32 (for homopolymer pNIPAM) to 34 °C (for copolymer p(NIPAM-co-HPMet)), which is closer to the physiological body temperature [22] .
The diffusion coefficient D, was calculated from the equation:
where l is the thickness of the dried sample. The initial phase of swelling to 60% was used for the calculation [29] . By applying logarithm to Eq. (3), a straight line dependence between ln (M t /M e ) and ln t can be obtained. The calculated values of equilibrium swelling ratio, α, diffusion exponent, n, and the diffusion coefficient, D, to test the swelling behavior of hydrogels p(NIPAM-co-HPMet) in simulated physiological conditions at 37 °C at pH 2.20 and 7.40 are shown in Table 1 .
The presented data show similar values of equilibrium swelling ratio of hydrogels at pH 2.20 and 7.40 solutions at 37 °C, as well as the similarity of swelling in distilled water at 40 °C.
The released phenacetin
The content and amount of the released phenacetin from hydrogels depending of the pH value is carried out by HPLC method. The dependence of the peak area, A (mAUs), on the phenacetin concentration, c (mg/cm 3 ) is linear for the concentration up to 0.05 mg/cm 3 . For linear dependence the following equation applies: 
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The result of the phenacetin amount released from p(NIPAM-co-HPMet) hydrogels at pH 2.20 and 7.40 at 37 °C during one day are presented in Figures 6a and 6b, respectively.
The obtained results in the first 24 h show that the slightly largest amount of phenacetin was released at pH 7.40 (70-90% of the absorbed amount), compared to the amount of the released phenacetin at pH 2.20 (50-65%). It can be observed that the hydrogel with the lowest cross-linker content at 37 °C released the largest amount of phenacetin (272.2 mg/g xerogel, or 90.34% of total loaded mass). This release behavior may be related to the hydrogel swelling behavior and a weak H-bonding interaction between phenacetin and chains of the hydrogel polymer network. At physiological temperature (37 °C), which is higher than LCST, this intermolecular H-bonding was broken and the drug releases from the hydrogel. Thus, the results are consistent with the achieved equilibrium swelling degrees of synthesized hydrogels. The release profiles showed alower released amount of phenacetin at both pH values as the EGDM concentration was increased owing to the higher network density and a small available free volume between the chains. On the other hand, as the EGDM content decreased more phenacetin was released from the hydrogel, which could be explained on the basis of the swelling behavior of hydrogels, as a function of the EGDM content. The amount of the released phenacetin proportionally decreases with the increase of the cross-linking density of gels. Calculated kinetic parameters of the released paracetamol (Table 2) show that this process followed Fick's law of diffusion on both pH values. In addition, the p(NIPAM-co-HPMet) hydrogels prepared in this investigation may be used as an efficient drug carrier of NSAID, such as phenacetin under controlled temperature and pH.
CONCLUSION
Thermo-sensitive p(NIPAM-co-HPMet) hydrogels were synthesized using a free radical copolymerization.
FTIR spectra of xerogel and phenacetin confirm the performed synthesis. SEM micrographs show the porous surfaces of xerogels. An application of hydrogels for the controlled release was investigated by using the synthesized phenacetin. The largest amount of phenacetin (272.2 mg/g xerogel) was released from the hydrogel with the minimum cross-linker ratio at pH 7.40 compared to the released amount at pH 2.20. The obtained thermo-sensitive p(NIPAM-co-HPMet) hydrogels provide good opportunities for their application as "in-telligent" drug carriers (e.g., phenacetin) with the controlled release. 
